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Van Deelen, Timothy R., M.S., June 1991
Dispersal Patterns of Juv^r^leBeavers in Western Montana 
Director: Daniel H. Pletsclier^
I studied the dispersal behavior of 2-year-old beavers 
(Castor canadensis  ̂ in montane habitat during 1989-1990. In 
the spring of 1989, 8 2-year-old beavers were live-trapped, 
implanted with radio-transmitters, and released at their 
point of capture in 4 selected western Montana drainages.
To increase sample size, 8 additional 2-year-old beavers 
were live-trapped from nuisance colonies, implanted with 
radio-transmitters, and released into the 4 study areas. I 
followed the radioed animals throughout the spring and 
summer until settlement in the fall/ The distribution of 
movement classes of transplants differed significantly from 
those of the "natives” (X =75.6, P < 0.001). Three of the 
8 natives dispersed and all of the 8 transplants moved 
sufficiently to mimic dispersal.
In the spring of 1990, one of the 4 drainages (Fish 
Creek) was selected for more intensive study. Fourteen 
native 2-year-old beavers were implanted with radio­
transmitters and followed until settlement late in the fall. 
Seven of these dispersed.
The movements of the 22 2-year-old native beavers 
separated into 3 patterns: 12 showed no dispersal, 5 showed 
dispersal with rapid settlement (within 16 days), and 5 
showed dispersal with delayed settlement (35 to 181) days. 
The male:female ratio of dispersing 2-year-olds (350:100) 
was higher (though not significantly, X̂  = 0.89, P = 0.42) 
than that of non-dispersing 2-year-olds (100:100) and 114 
other-age-class beavers that were handled during this study 
(60:100).
Dispersal distance and dates of dispersal and 
settlement varied greatly between dispersers. Distance was 
not significantly correlated with date of dispersal (P =
0.38) or the magnitude of the dispersal-settlement interval 
(P = 0.76). Age-specific mortality estimates (qx) for the 
2-year-old age class were 0.31 in 1989 and 0.38 in 1990.
Low dispersal-aged mortality and delayed settlement 
suggest a sub-population of transient beavers, unattached to 
traditional colonies, that may be important in maintaining 
the stability of the population. Managers should recognize 
that 1) population indices often do not account for 
transients and 2) that dispersal behavior may determine the 
success of nuisance colony control and may help prevent 
over-exploitation.
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INTRODUCTION
Beavers (Castor canadensis) have significantly 
influenced the history and culture of North America. Native 
Americans obtained food, trade goods, and clothing from 
beavers, and the search for the beavers' luxurious pelts 
fueled the later European exploration and eventual 
settlement of the west.
Today, beavers provide continued benefits. Their dam- 
building activity raises local water tables, creating and 
maintaining valuable riparian areas (Munther 1984, Raedeke 
et al. 1988). Beaver dams trap and remove suspended 
sediment and regulate stream flow in montane streams (Smith 
1950, Knudsen 1962, Munther 1984). Waterfowl profit from 
the increased edge, diversity, and invertebrate communities 
fostered by beaver activity (Beard 1953, Rutherford 1955). 
Occupied beaver-influenced sites produce more waterfowl 
because of improved water stability and increased brood- 
rearing cover; this production declines with beaver 
abandonment (Renouf 1972). Great blue herons (Ardea 
herodias), ospreys (Pandion haliaetus), eagles (Haliaeetus 
leucocephalus), kingfishers fCervle alcyon) and many species 
of songbirds (Knudsen 1962) benefit from beaver activity as 
well. Reese and Hair (1976) report that the relative value
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of beaver ponds to waterfowl is minor compared to their 
value to other birds.
Beavers can improve fish habitat. The production of 3 
trout species (Salmo spp. and Salvelinus fontinalis) in a 
Sierra Nevadan stream was reported to have increased due to 
a higher standing crop of invertebrates in beaver ponds 
(Gard 1961). Rutherford (1955) reported increased brook 
trout production in a beaver-influenced stream in Colorado. 
Smallmouth bass (Micropterus dolomieui), northern pike fEsox 
lucius), and forage fish also benefit from beaver 
impoundments (Knudsen 1962).
Terrestrial wildlife exploit the beaver-created 
openings in the forest. Brush and berry-producing shrubs in 
areas cut over by beavers attract white-tailed deer 
fOdocoileus virainianus) and black bears fUrsus americana) 
(Knudsen 1962). Otters (Lutra canadensis^, raccoons 
fProcvon lotpr) , mink (Mustela vison) , and muskrat fOndatra 
zibithica) thrive on the increased foraging areas produced 
by beaver activity (Beard 1953, Rutherford 1955, Knudsen 
1962) .
With pelt harvests at an historic high (Novak 1987), 
trappers enjoy the recreational and economic value of 
healthy beaver populations most directly. Hunters, 
fishermen, photographers, and nature enthusiasts benefit 
from beaver activity as well.
The detrimental effects of beaver activity increase
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
with high beaver density. Beaver-caused flooding often 
kills valuable lowland timber (Knudsen 1962). Human 
conflicts occur when beavers flood roadways and agricultural 
lands, and dam culverts and irrigation systems (Knudsen 
1951). Beavers also have the potential to increase water­
borne pathogens (notably Giardia lambdia) downstream from 
their activity (Thorne et al. 1982). In areas of marginal 
trout habitat, beaver activity reduces trout production. 
Beaver-caused loss of streamside shade and diminished water 
velocity can result in lethal water temperatures and 
smothered spawning redds (Patterson 1950, Knudsen 1962).
The economic cost of nuisance beaver activities often 
exceeds the value of their pelts (Novak 1987) and has been 
estimated at $75-100 million annually in the United States 
(Miller 1983).
The Montana Department of Fish, Wildlife, and Parks 
initiated a 3-part, 6-year study of the population status, 
distribution, and ecology of Western Montana beavers in 
1985. During the first phase, Easter-Pilcher (1987) used 
habitat and population surveys to describe the relative 
densities, distribution, and habitat preferences of beavers 
in selected Western Montana drainages. Her research also 
produced information on forage use and a population index 
based on winter food cache volume (Easter-Pilcher 1987,
1990).
The remaining 4 years of beaver ecology research were
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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devoted to studying juvenile dispersal in Western Montana. 
After 2 years of research, Jackson (1991) reported on the 
movements of transmitter-equipped, dispersal-age beavers and 
developed a discriminant function model for determining the 
age classes of live beavers based on morphological 
measurements.
My study is a continuation of the dispersal research 
and represents part 3 of the Beaver Ecology Project. In 
addition, H. Harris (in prep.) is studying habitat use of 
dispersing beavers using the movement data generated by this 
study and by Jackson (1991).
Beavers have been studied more than any other furbearer 
(Novak 1987), and a great deal has been reported about their 
life history. Beavers live in extended family groups 
conventionally called colonies (Hodgdon and Lancia 1983) . A 
typical colony consists of 1 breeding pair, with young of 
the year, yearlings, or both (Bradt 1938, Townsend 1953) . 
Colonies occasionally contain non-breeding adults as well 
(Bergerud and Miller 1977; Brooks et al. 1980; Payne 1982, 
1984b; Busher et al. 1983 ; Hodgdon and Lancia 1983).
Breeding occurs between January and March (Brenner 
1964, Nordstrom 1972) and kits are born in the late spring 
(Hodgdon and Lancia 1983). Only the colony's dominant 
female breeds, producing one litter a year (Bradt 1938) . 
Reported average litter sizes vary between 2.3 (Busher 1987) 
and 4.1 (Gunson 1970), with most authors reporting
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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approximately 3.5 (Bradt 1938, Novakowski 1965, Henry and 
Bookhout 1969, Leege 1968, Peterson and Payne 1986). Annual 
productivity has been estimated at 49% (Henry and Bookhout 
1969), and 23,4-51.5% of the population (Gunson 1970), and 
is density dependent (Payne 1984a).
In exploited populations, trapping is the primary 
mortality factor, variously estimated at 13-19% in Ohio 
(Henry and Bookhout 1969), 20% in Alaska (Boyce 1981), and 
13-25% in Newfoundland (Payne 1984b). Natural mortality 
stems from severe weather conditions (Boyce 1974), 
malnutrition (Novakowski 1965, Bergerud and Miller 1977), 
disease, and predation (Gunson 1970). Mortality is lowest 
among adults and kits (Boyce 1981). Adolescents are 
believed to have the highest mortality due to the increased 
vulnerability of dispersing subadults (Novakowski 1965, 
Gunson 1970, Bergerud and Miller 1977).
Dispersal is "the movement an animal makes from its 
point of origin to the place where it reproduces or would 
have reproduced if it had survived and found a mate" (Howard 
1960:152). It requires the establishment of a new home 
range, the search for which produces "homeless travelers" or 
"vagrants" (Lidicker 1975).
Researchers recognize 2 types of dispersers: 
individuals that leave the parental home range because of 
crowding or environmental stress, and those who leave 
regardless of crowding or environmental stress (Howard 1960,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6
Lidicker 1975). The causes of dispersal are often discussed 
as competing hypotheses: dispersal to avoid competition for 
mates or resources versus dispersal to avoid inbreeding (for 
review see Moore and Ali 1984, Dobson and Jones 1985).
Dispersing beavers establish new colonies and replace 
breeding members of existing colonies lost to trapping or 
natural mortality. The distance, direction, and 
survivorship of dispersers determine the speed of 
recolonization and the population's response to 
perturbation.
Beavers disperse at 2 years of age (Bradt 1938, 
Townsend 1953, Leege and Williams 1967, Aleksiuk 1968, Leege 
1968, Bergerud and Miller 1977, Svendsen 1980, Allred 1981), 
although several authors also report occasional yearling 
dispersal (Beer 1958, Leege 1968, Payne 1982, 1984a). Novak 
(1987) suggested that some of the confusion may be due to 
the use of different techniques for determining agees. Not 
all 2 year-olds disperse. Observations and studies of 
colony composition suggest delayed dispersal (Brooks et al. 
1980, Peterson and Payne 1986) that may be related to high 
density (Bergerud and Miller 1977; Payne 1982, 1984a; Busher 
et al. 1983). Dispersers generally leave the natal colony 
in the late winter or early spring and live as a "floating" 
population of transients (Townsend 1953, Aleksiuk 1968, 
Svendsen 1980, Allred 1981).
Beavers are territorial and will defend the colonial
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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home range (Bradt 1938, Townsend 1953, Aleksiuk 1968). 
Dispersing beavers move along waterways through occupied 
territory but are prevented from staying by resident beavers 
(Townsend 1953, Aleksiuk 1968, Allred 1981, Hodgdon and 
Lancia 1983).
Early reports of adult beavers driving away dispersal- 
aged progeny (Bradt 1938) and strongly territorial behavior 
towards transients suggest competition-driven dispersal. 
Other evidence which suggests that beavers have an innate 
tendency to disperse may point to inbreeding avoidance 
(Leege 1968, Bergerud and Miller 1977, Svendsen 1980).
A species' survival depends as much on dispersal as on 
reproduction and longevity, and though important, dispersal 
is often glossed over and ignored in population studies 
because of the difficulty in studying it (Caughley 1977). 
Nearly all of what is known about beaver dispersal comes 
from mark-recapture studies, a technique clearly limited by 
recapture success, wildlife managers need a clear picture 
of beaver dispersal because of the effects of dispersal on 
beaver population dynamics. I used radio-telemetry 
techniques to study beaver dispersal patterns in Western 
Montana.
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STUDY AREAS
I studied beavers in the same areas used by Jackson 
(1991) during phase 2 of the beaver ecology project (Fig.
1). Study areas were chosen according to beaver density and 
habitat. Streams of relatively high meander, low gradient, 
and abundant willow (Salix spp.) were designated primary 
habitat. Streams of relatively low meander, high gradient, 
and less abundant willow were designated secondary habitat. 
Four areas were used to facilitate a 4 - way study design 
(Jackson 1991). The Meadow Creek drainage of Rock Creek was 
chosen to represent the high density, primary habitat 
condition. The upper Willow Creek drainage of Rock Creek 
was chosen to represent low density, primary habitat. Both 
are located southeast of Missoula, on the Deerlodge National 
Forest. Rattlesnake Creek on the Rattlesnake National 
Recreation Area, north of Missoula, was chosen to represent 
high density, secondary habitat. The Cache/Fish Creek 
drainage, west of Missoula, was chosen to represent low 
density, secondary habitat. Rattlesnake Creek and 
Cache/Fish Creek were both located on the Lolo National 
Forest. See Jackson (1991) for a more detailed description 
of the climate, vegetation, and physical characteristics of
8
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Km 20 40
Fig. 1. Map of western Montana showing the 4 study area
drainages (stippled regions): LS = low beaver density,
secondary habitat (Cache/Fish Creek); HS = high beaver 
density, secondary habitat (Rattlesnake Creek); LP = 
low beaver density, primary habitat (Upper Willow 
Creek); HP = high beaver density, primary habitat 
(Meadow Creek) (After Jackson 1991).
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the study areas.
After my first field season (1989), I decided to 
abandon the 4-way study design. For 1990, I concentrated my 
efforts exclusively on the Fish Creek beaver population for 
the following reasons. First, contrary to Jackson (1991) , I 
found relatively high beaver densities in Fish Creek and low 
beaver densities in Rattlesnake Creek where the population 
apparently had crashed. stream surveys and live - trapping 
results indicated no beaver activity in Jackson's (1991) 
colonies numbered 1, 2, 3, 4, 7, and 8 (Fig. 2) in the 
Rattlesnake Creek study area. Also, I could not locate any 
new colonies below the mouth of High Falls Creek (Fig. 2) .
Secondly, I judged the habitat patterns in the primary 
habitat pairing (Meadow Creek and Upper Willow Creek) to be 
significantly different. Upper Willow Creek flows through 
nearly unbroken vigorous willow thickets for most of its 
length. By contrast, the willow thickets along Meadow Creek 
are of low vigor and patchy distribution, interspersed with 
coniferous forest and open meadows. The habitat 
differences made it difficult to compare these drainages and 
prevented the use of the 4-way study design.
Lastly, anticipated budgetary problems made the expense 
of maintaining operations in 4 widely separated study areas 
impractical.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 2. Map of the Rattlesnake Creek study area. Numbers 
indicate beaver colonies active in 1988 and the order 
in which they were located (Jackson 1991). Boxes 
indicate colonies still active in 1989. No additional 
colonies were found below the mouth of High Falls Creek 
(after Jackson 1991).
11
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METHODS
I chose trap sites by conducting stream surveys, using 
the presence of peeled twigs, scent mounds, or freshly- 
maintained dams and lodges to locate areas of concentrated 
beaver activity. Within these areas, I placed Hancock live- 
catch beaver traps (Hancock Trap Co., Custer, S.D.) in 
relatively hidden sites near deep or slowly-moving water. 
Each trap was baited with fresh cottonwood, aspen fPopulus 
spp.), or willow twigs and a castor-based lure generously 
supplied by local trappers. I began trapping the third week 
of March and continued through the first week of June during 
both 1989 and 1990.
I immobilized live-trapped beavers with 150-200 mg 
ketamine hydrochloride and 2.5 mg acepromazine maleate to 
facilitate morphological measurement and sex determination 
(Jackson 1991). I determined age-class from morphological 
development (Patrie and Webb 1960, Payne 1979, Jackson
1991). All age-classes except 2 year-olds (22 to 25 months) 
were ear-tagged, allowed at least l hour to recover, and 
released at the point of capture.
Two year-old beavers were brought to Missoula and 
intraperitoneally implanted with radio transmitters (Model 
IMP400, Telonics Inc., Mesa, Ariz.). Jackson (1991)
12
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described the surgical techniques used. I tried to perform 
the implant surgeries within 24 hours of capture. If it was 
necessary to hold beavers longer than this prior to surgery, 
I kept them in a 3 x 5 m cage and provided them with liberal 
amounts of fresh water and aspen twigs. After surgery, 
transmitter-equipped beavers were again given food and 
water, and allowed to recuperate overnight in a cool, 
darkened cage. The next day, I released the transmitter- 
equipped beavers at the point of capture. These animals 
were referred to as potential "native" dispersera, 
equivalent to Jackson's (1991) "natural" dispersera.
During the 1989 field season, I transplanted 
transmitter-equipped, dispersal-age beavers into the study 
areas. I obtained the transplants by live-trapping nuisance 
beavers and by enlisting the help of local trappers. These 
beavers were referred to as potential "transplant" 
dispersera, equivalent to Jackson's (1991) "artificial" 
dispersers.
After the first (1989) field season, I was convinced 
that the dispersal patterns of wild beaver populations could 
not be inferred from those of the potential artificial 
dispersers. During the second (1990) field season, I used 
no transplants and discontinued work in all but the Fish 
Creek study area.
I located the 1989 sample of transmitter-equipped 
beavers at least once a week. After eliminating 3 of the 4
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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study areas in 1990, I was able to locate the 1990 sample of 
beavers every other day. I recorded locations for each 
beaver from the time of their release in the spring until 
settlement late in the fall. I defined settlement as the 
cessation of movement and the construction of a food cache. 
Those animals alive at the end of the field season were 
located the following spring to determine over-winter 
mortality. Beavers were located during daylight hours.
I located beavers on foot and from a 4-wheel drive 
pickup truck. I located beavers by following their signal 
to a lodge or bank den, or by driving parallel to the stream 
and listening for the most intense signal. Because of the 
reduced range of the implanted transmitters and the 
proximity of the stream and the road, the latter technique 
was preferable to traditional triangulation, being faster 
and at least as accurate. When unusually large movements 
resulted in "lost" beavers, I used fixed-wing aircraft to 
find them.
I recorded beaver locations in Universal Transverse 
Mercator <UTM) coordinates taken from United States 
Geological Survey (USGS) 7.5 minute topographic maps. For 
each location, I used a plan measure (Alvin and Co., Inc., 
Windsor, Ct.) to trace the shortest stream distance from 
release site to beaver location, and used the map's scale to 
convert centimeters to kilometers. To differentiate between 
upstream and downstream movements, distances moved upstream
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from the release site were assigned a positive value and 
those moved downstream from the release site were assigned a 
negative value. I recorded locations to the nearest 0.1 km.
During the 1990 field season, I kept track of the water 
level fluctuations in Fish Creek using a U.S.D.A. Forest 
Service depth gauge mounted on a steel fencepost in the 
Creek 1.7 km upstream from its mouth.
I compared the standing age distribution from the 1990 
sample of Fish Creek beavers with that from a 1988 sample of 
beavers (Jackson 1991) from Upper Willow, Meadow, and 
Rattlesnake creeks using a Chi-square test of independence 
(Ambrose and Ambrose 1977). The differences in the 
proportions of the samples represented by the various age 
classes was assessed by constructing simultaneous 95% 
confidence intervals for them.
I compiled a list of the movements detected for each 
transmitter-equipped beaver by calculating the change 
between successive locations. A 2-tailed Wilcoxon Rank Sum 
test (Johnson and Bhattacharyya 1987) was used to test 
whether the distributions of median movements, maximum 
upstream movements, and maximum downstream movements 
differed between the 1989 natives and the 1990 2-year-olds.
A priori observations during 1989 caused me to use a 1- 
tailed Wilcoxon Rank Sum test to test whether these 
distributions from the 1989 transplants were higher than 
those of the 1989 natives. Differences in the movement
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distributions of the 1989 native and transplants were 
further tested with a chi-square test of independence.
The movement distributions of the 1989 native and the 
1990 2-year-olds were standardized for their different 
sampling schedules by dividing the movement between location 
by the time elapsed between locations for each case. I 
separated these movements into 5 distance classes and 
compared their distributions with a chi-square test of 
independence.
To look for movement patterns, I plotted stream 
distance away from the release site against Julian date for 
each radioed beavers record of locations (Appendix A ) . I 
reported dispersal date, settlement date and the length of 
the dispersal - settlement (D-S) time interval for each 
dispersing beaver. Simple linear regression was used to 
determine if dispersal date and D-S interval length were 
correlated with dispersal distance.
I used the Kaplan - Meier survival estimate technique, 
modified for the staggered entry of radio-equipped animals 
into the study (Pollack et al. 1989). This method estimates 
the probability of surviving a given interval and accounts 
for censored marks (missing signals). I chose to estimate 
over the 52 week interval between the 2nd and 3rd birthdates 
of a hypothetical beaver cohort. Given this interval, the 
Kaplan - Meier method estimates the life table statistic px 
(Caughley 1977). I reported the age specific mortality rate
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(qx) for 2-year-old beavers by calculating qx = 1 - px.
Lastly, for the 1990 data, I used linear regression to 
estimate the correlation between Fish Creek water levels and 
the movements of the 1990 beavers.
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RESULTS
The 1989 sample of transmitter-equipped 2-year-old 
beavers began with 5 individuals that were radioed by 
Jackson (1991) in the fall of 1988 and released into their 
natal colonies in the 4 study areas. I captured an 
additional 3 native 2-year-olds, implanted them with 
transmitters, and released them into their natal colonies 
during spring 1989. I 1ive-trapped 8 2-year-old beavers 
from nuisance colonies, implanted them with radio 
transmitters and transplanted them into the 4 study areas, 
bringing the total 1989 sample of radioed 2-year-old beavers 
to 16.
In 1990, the study focused on the Fish Creek study 
area. Five hundred and sixty-nine trap nights resulted in 
66 captures (12% trap success). Of the 66 captures, 2 were 
recognized as animals handled in 1988 or 1889, 47 were 
animals handled for the first time in 1990, and 11 were 
recaptures of the previous 47. Fourteen beavers were 
estimated to be 2-year-olds, implanted with radio­
transmitters and released at their point of capture. I 
implanted 26 beavers with radio-transmitters during this 
study and saw no mortality connected with the surgical 
procedures.
18
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The age distribution of beavers captured in Fish Creek 
in 1990 was dominated by yearlings, 2-year-olds, and 3- 
year-olds (Table 1). Trapping took place before the kits 
were old enough to leave the lodge, hence no young-of-the- 
year were caught. The age distribution of beavers caught 
during the 1990 field season was similar to the age 
distribution (kits removed) of 43 beavers caught by Jackson 
(1991) in the other 3 study areas in 1988.
The 1989 sample was located 519 times and was nearly 
evenly split between natives (279) and transplants (240, 
Table 2). I detected more movements for the transplants 
(113) than for the natives (46). The distribution of median 
movements for the 1989 transplants was not significantly 
higher than that of the 1989 natives (Z = -0.95, P = 0.17), 
however, the distribution of maximum upstream movements (Z = 
-2.00, P = 0.02) and the distribution of maximum downstream 
movements (Z = -1.89, P = 0.03) were. I obtained 1299 
locations for the 1990 sample and detected 468 movements. 
Native 2-year-olds from the 1990 and 1989 samples did not 
appear to have different distributions of median movement 
distances (Z = -0.61, P = 0.54), maximum upstream distances 
(Z = 1.00, P = 0.32), or maximum downstream distances (Z = 
0,55, P = 0.58).
When separated into distance classes, the movements of 
1989 transplants and 1989 natives were very different (P < 
0.001, Table 3). Transplants moved farther and more
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Table 1. Proportional age class comparison of a sample of 
Fish Creek beavers and a sample of beavers from Upper 
Willow, Meadow, and Rattlesnake creeks. The distributions 
were not significantly different X^=2.05, df=4, P=0.73.
Beaver Age Class
Study area N 1 2 3 4 5+ total
Fish Creek 
Others
47
43
0.28
0.21
0.28
0.23
0.19
0.19
0.13 
0. 14
0.13
0.23
1.00 
1. 00
Difference 0.07 0.05 0. 00 0.01 0.10
Simultaneous 
95% C.I.
±0.21 ±0.21 ±0.19 ±0.17 ±0.19
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Table 2. Locations and movements detected for transmitter- 
equipped 2-year-old beavers.
Beaver Locations N
Movements detected
Kilometers
Max. Max.
Median Upstr. Downstr.
1990 natives
9003 104 57 2.52 15.12 15. 609006 112 53 1.32 2.76 3.129007 108 26 0.72 2.64 2.64
9008 115 15 0.20 0.38 0.389011 110 52 0.60 8.88 1.569020 106 47 0.96 5.52 5.529024 105 35 0.84 6. 00 4.56
9031 102 25 1.68 3.48 2.16
9033 70 13 1.30 3. 36 4.56
9038 104 43 0.48 4.08 5.64
9040 64 35 1.20 3.72 3.72
9043 42 27 0.36 0. 34 0.84
9048 93 4 0.12 0.12 0.129050 64 36 3. 66 9. 00 15.72Total = 1299 468
1989 natives
R618 29 4 3.60 5. 52 5.52W308 45 2 0.48 0.48 0. 48
M512 39 11 0.60 0.72 1.20
M304 39 2 0.24 0.24 0.24
F09 27 10 5.87 9.84 40.56
F03 33 11 1.20 4.80 3.36
W3 05 45 3 4.08 0.48 4. 08
R25 22 11 0.72 1. 68 0.84
Total - 279 46
1989 transplants
F16 31 21 1.92 7.44 8.16
M18 30 16 0.60 10. 00 11. 76W17 36 14 4.80 7.92 20.28
W19 33 13 1.20 7.20 18.72M20 32 13 1.32 2.64 1.32R14 18 2 2.16 2.88 3 . 60
M2 2 28 13 1.20 0.84 4.44
W12 32 21 4.68 13.44 11.28
Total = 240 113
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Table 3. Movement differences between 8 native and 8 
transplanted 2 year-old beavers. Locations were obtained 
once or twice a week between 21 March and 12 October 1989. 
The movement class distributions were significantly 
different X^=75.6, df=4, P < 0.001.
Locations Movement Class (Km)
Source N 0 0>-2. 5 2.5>-5 5>-7.5 7 . 5 +
Natives 279 231 34 9 2 3
Transplants 240 133 63 20 13 11
22
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frequently. A comparison of the standardized movements of 
1989 natives and 1990 sample (Table 4) implied a 
difference(P < 0.001), as did a comparison of the 
standardized movements of the 1989 transplants and the 1990 
sample (P <0.001, Table 5). I suspect that these 
differences do not reflect an actual difference so much as 
my standardization technique's inability to remove bias.
I decided not to use the movement characteristics of 
transplanted 2-year-olds to describe dispersal. Inferences 
about the dispersal behavior of wild populations made from 
the transplanted beavers would be suspect because of the 
obvious differences seen between native and transplanted 
beavers during 1989.
The movement patterns of 2-year-old native beavers 
separated into 3 patterns. Plots of stream distance away 
from selected beavers' release sites against the Julian date 
of each location illustrate these patterns. Similar plots 
and a brief movement summary for each transmitter-equipped, 
2-year-old beaver are included in Appendix A. I described 
12 of the 22 native beavers' movement patterns as non­
dispersal (Fig. 3). Of the 9 animals that did disperse, 4 
settled within 16 days of dispersing. I described this 
pattern as dispersal - rapid settlement (Fig. 4). The 
remaining 6 beavers took between 35 and 181 days to settle, 
a pattern I described as dispersal - delayed settlement 
(Fig. 5, Table 6). I recognize the limits of my movement
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Table 4. Comparison of standardized movements for 2-year- 
old native beavers in 1989 and 1990. The movement class 
distributions were significantly different = 186.5, DF 
4, P < 0.001
Movement Class
Source N 0 0> - 1 1> - 2 2> - 3 34-
1990
14 Natives 2987 896 878 139 38 36
1989
8 Natives 1431 1203 207 12 0 9
24
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Table 5. Comparison of standardized movements for the 1990 
native and the 1989 transplanted 2-year-old beavers. The 
movement class distributions were significantly different 
= 131.1, DF = 4, P < 0.001
Movement Class
Source N 0 0> - 1 1> - 2 2> - 3 3 +
1990
14 Natives 2987 896 378 139 38 36
1989
8 Transplants 1130 544 492 67 19 9
25
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Fig. 3. Illustration of the non-dispersal movement pattern. 
Beaver 9036 made 5 exploratory movements (> 2.5 km) 
downstream before settling in its natal colony. Its capture 
date was 30 April (Julian day 120).
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Fig. 4. Illustration of the dispersal - rapid settlement 
movement pattern. Beaver dispersed from its natal colony 
9.12 km upstreamf settling (at the site where it would over­
winter) within 4 days. Its capture date was 26 March 
(Julian day 86).
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Fig. 5. Illustration of the dispersal - delayed settlement 
pattern. Beaver 9003 dispersed around Julian day 135 and 
lived as a transient for 181 days before settling 12.72 km 
upstream. Its capture date was 17 March (Julian day 76).
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Table 6. Temporal characteristics of dispersing beavers. 
Distance was measured as stream distance from release site 
to settlement site. Fate was determined by radio location 
the spring of the beaver's 4th year.
Sample Dispersal
date
Settlement
date
D—S Interval
(days)
D Distance Fate 
(Km)
1990
1 Apr. 7 Apr. 9 2 9.12 Alive
2 Apr. 11 Apr. 27 16 3.12 Alive
3 Apr. 16 Aug. 30 136 4.32 Alive
4 Apr. 23 Aug. 10 109 4.80 Dead®
5 May. 15 Nov. 12 181 12.72 Alive
6 Jun. 15 Nov. 11 149 5.28 Alive
7 Aug. 20 Oct. 17 60 4. 68 Alive
1989
1 Apr. 11 Apr. 22 11 22.20 Dead'’
2 May. 15 Jun. 19 35 14.76 Alive
3 Jly. 14 Jly. 28 14 2.88 Dead®
Mean
SO
May. 28 Jly. 28 
44 days 83 days
72
66
8.4
6.3
® Winterkill. 
Cause unknown.
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pattern interpretations. One could argue that my 
"dispersers" were simply caught away from their home 
colonies and I recorded their return movements. Certainly 
some of the animals that I radioed were captured after their 
initial dispersal. Alternatively, one might argue that the 
stress of the surgery and handling provoked the movements 
seen. A better study design would have been to trap and 
radio dispersal - age beavers the fall before their 2nd 
birthday. My interpretations are based on a knowledge of 
the colony locations in the study areas and the assumption 
that beavers trapped in a colony are members of that colony.
The mean dispersal date was 28 May and was highly 
variable (S.D. = 44 days, range: April 7 - August 20), as 
was the mean settlement date (28 July, S.D. = 83 
days, range: April 9 - November 12), and the dispersal - 
settlement interval (mean = 72, S.D. = 83, range: 4 - 1 8 1  
days). Dispersal distance was highly variable (mean = 8.4, 
S.D. = 6.3 km), and was not significantly correlated with 
dispersal date (r = 0.29, P = 0.38), or the length of the 
dispersal - settlement interval (r = 0.16, P = 0.76).
The male : female ratio of dispersing 2-year-olds 
(350:100) was higher than that for non-dispersing 2-year- 
olds (100:100) and 114 other-age-class beavers handled 
between 1988 and 1990 (60:100, Table 7). The male bias in 
the 2-year-olds is probably an artifact of the small sample 
size (X^ = 0.89, D.F. = 1, P = 0.42). The male : female
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Table 7. Male : Female sex ratios of beavers handled during 
1988-1990.
2-year-olds Others
Dispersers Non-dispersers Total
N 10® 12 22® 114^
M : F
Ratio 350:100 100:100 163:100 60:100
® Including 1 unknown.
^ Including 7 unknowns.
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ratio of the "other” category may be biased toward females 
because of the difficulty of positively identifying males 
inthe kit and yearling age classes.
Of the 8 1989 native dispersers, 3 died before the 
coming winter of unknown causes. One's implant was found on 
a rancher's bone pile and may have fallen victim to a 
landowner's control effort. Of the 8 1989 natives, 3 died 
and 1 was censored. One died during winter presumably of 
winter-stress, the cause of death for the others is unknown. 
The 1990 sample had 4 mortalities and one censorship. Two 
of these were removed by a commercial trapper during the 
1990-1991 trapping season, and 1 was presumably a winter­
kill. One was a suspected black bear predation. The age- 
specific mortality rate (qx) of 2-year-old beavers was 
estimated at 0.38 for both natives and transplants in 1989 
and 0.31 in 1990 (Table 8). The high degree of overlap in 
the 95% confidence intervals for each estimate reflects the 
uncertainty caused by small sample sizes and at least 2 
censored beavers.
For the 1990 data, mean movement (sum of all movements 
recorded between locations divided by the number of beavers 
alive between locations) and water level were plotted 
against Julian dates (Fig. 6). Water level was not 
correlated with mean movement distance (r = 0.12, P = 0.30, 
Fig. 7), mean upstream movement (r = 0.12, P = 0.27) or mean 
downstream movement (r = 0.01, P = 0.94).
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Table 8. Age-specific mortality rates (qx) for radio­
equipped two-year-old beavers.
Source No. beavers
Mortality 
qx 95% C.I.
1989
Natives 8 0.38 0.00 - 0.75
Transplants 8 0.38 0.04 - 0.71
1990
Natives 14 0.31 0.06 — 0.56
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Fig. 6. Plot of 1990 mean beaver movement and water level 
against Julian Date.
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DISCUSSION
The beaver literature is replete with references to 
dispersal. Most are anecdotal and mentioned as an aside in 
studies of other aspects of beaver demography and behavior. 
What is known about beaver dispersal comes from mark - 
recapture studies or observations on the coming and going of 
members of observed colonies. Some early studies described 
yearlings as being the primary dispersers, although most 
recent papers describe dispersal as dominated by 2-year- 
olds. These discrepancies were probably caused by the early 
use of ageing techniques that were not refined by age 
determination from dental characteristics (Van Nostrand and 
Stephenson 1964, Novak 1987). For example, based on the 
weights reported by Beer (1958), I would have aged 6 of his 
10 yearling dispersers as 2-year-olds. Although dispersal 
is occasionally reported for yearlings (Beer 1958, Leege 
1968), my study was limited to the 2-year-old age class.
The observed differences in the movements between 
native and transplanted 2-year-olds agree with Jackson 
(1991) . Increased movement by transplanted beavers (Hibbard 
1958, Knudsen 1962) may be a searching-for-familiarity 
response. These movement differences provided partial 
justification for deciding not to study transplants in 1990.
36
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The age distributions of the beavers trapped during 
1990 is similar to the age distribution of beavers trapped 
by Jackson (1991) in the other study areas. Novakowski 
(1965) reported an age distribution for Saskatchewan beavers 
that was also similar. All were dominated by yearlings, 2- 
year-olds, and 3-year-olds. Trapped and untrapped 
populations of Alaskan beavers could be differentiated on 
the basis of their age distributions (Boyce 1981). Pelt 
prices in Montana, having progressively declined since 1985 
(H. Hash, pers. commun.), were low during 1988, 1989, and 
1990; and trapping pressure was light. Fish Creek was 
closed to trapping during 1985 - 1990 (H. Hash, pers. 
commun.), although I found evidence of poaching. The 
observed age distributions may be characteristic of a 
lightly trapped population.
The observation that several of the radioed 2-year-olds 
did not disperse is consistent with frequent reports of non­
breeding adults in beaver colonies, and is often credited to 
high population density in relation to the habitat's 
carrying capacity (Novakowski 1965, Gunson 1970, Payne 1982, 
Hodgdon and Lancia 1983). Liddicker (1975) postulated that 
frustrated dispersal may keep a population density below the 
habitat's carrying capacity, thereby avoiding the 
instability associated with populations existing at or near 
carrying capacity. Given a colony's propensity to relocate 
as local forage becomes depleted (Rutherford 1955, Gunson
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1970, Beier and Barrett 1987), delayed dispersal (and the 
subsequent formation of new colonies) at high density may 
provide resident colonies with open sites in which to move, 
and prevent large-scale habitat degradation. It may be more 
beneficial to the disperser to wait a year and disperse as a 
larger (and presumably more competitive) 3-year-old. In the 
interest of parsimony, I should note that a simple random 
walk, or diffusion model of dispersal (Caughley 1977), 
predicts that the probability of being found at "home" at 
any given time is greater than the probability of being 
found anywhere else.
An interesting feature seen in the movement patterns of 
some non-dispersers was exploratory movement. Exploratory 
excursions away from the natal colony may provide potential 
dispersers with a method of assessing beaver density by 
encountering scent mounds (Aleksuik 1968) and other beavers. 
Assessments of high density may cause potential dispersers 
to delay dispersal or return to the natal colony for good 
(Molini et al. 1980, Payne 1982). In any case, the option 
of returning to the natal colony is important to an 
understanding of beaver dispersal patterns, and supports my 
contention that it is inappropriate to study dispersal with 
transplanted animals, although the movement and settlement 
patterns may be important to managers.
Basic to discussion of dispersal in beavers is defining 
what scale of movement represents a dispersal. The largest
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estimate of stream distance home range that I could find for 
beavers was 2.2 km (Novakowski 1965). I rounded this figure 
up to account for telemetry error and decided to assume any 
movement within 2.5 km of a beaver's capture site to be 
movement within the colonial home range. The dispersal 
distances measured were variable and comparable to the mean 
distance of 5.6 km reported for Idaho beavers (Leege 1968), 
even though these were measured as airline distance.
Extreme movements are possible: a 2-year-old male beaver in 
Alaska moved in excess of 150 miles (242 km, Libby 1957) .
Intuitively, upstream and downstream are not 
equivalent choices to stream-dwelling beavers because of the 
obvious disadvantage of swimming against the current. This 
would invalidate further comparison with a l-dimensional 
random walk model (Caughley 1977), which assumes that 
movement in either direction is equally likely. In my 
study, 6 beavers dispersed upstream and 4 downstream, 
indicating that dispersal occurs in both directions. 
Observations that dispersing beavers are often confined to 
marginal habitat (Aleksuik 1968, H. Harris, in prep.) 
indicate that dispersal direction choices depend more on the 
availability of colony sites than stream flow.
Five of my 10 dispersing beavers settled within 16 days 
of dispersal. I suspect that this rapid settlement is 
linked to pair formation and site selection. Gunson (1970) 
observed that 8 out of 13 pair colonies contained 2-year-
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old beavers and these appeared new. This is consistent with 
the dictum that dispersal is complete when the disperser 
finds a mate and establishes a new home range (Howard I960, 
Lidicker 1975). Whether an established territory is a 
prerequisite for finding a mate or the converse is true for 
beavers is not known. Information on pair-bond formation is 
almost non-existent (Novak 1987).
Delayed settlement, as seen in 5 of my dispersing 
beavers, results in a sub-population of transients (Townsend 
1953, Aleksuik 1968, Lidicker 1975, Molini et al. 1980). 
Observations of transients are common in the dispersal 
literature, although no one has attempted to study them or 
their relationship to established colonies, except to say 
that transients avoid occupied territories (Aleksuik 1968). 
Transients probably provide a pool of reserves that replace 
colony residents lost to trapping, since established 
colonies certainly bear the brunt of the trapping pressure 
(Boyce 1981).
The erratic movement patterns of the delayed-settlament 
dispersers show no indication of homing behavior. The issue 
of homing tendencies is important to dispersal theorists 
because some recent models assume that dispersing 
individuals will settle in the first open home range they 
encounter (Murray 1967, Waser 1985). The tendency to settle 
near the natal home range suggests a reluctance to leave and 
may indicate that the disperser was forced out of the natal
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colony by competition with members of its family for mates 
or other resources (Howard 1960). Early beaver dispersal 
descriptions reported that 2-year-olds were driven out of 
the natal colony by their parents (Bradt 1938, Townsend 
1953). Dispersers driven away by these pressures have been 
traditionally called "environmental” dispersers (Howard 
1960). More recent authors agree that beavers are "innate" 
(Howard 1960) dispersers and disperse as juveniles 
regardless of intraspecific competition in the natal colony 
(Bergerud and Miller 1977, Svendsen 1980). My analysis of 
the data supports the latter view.
Two-year-old beavers generally disperse about the time 
that kits are born in the spring. In many areas this 
coincides with spring runoff and high water. Ohio beavers 
dispersed between 27 February and 26 March and showed the 
most movement during periods of high water (Svendsen 1980). 
Dispersal in Massachusetts beavers peaked about mid-April 
(Molini et al. 1980). Dispersal dates were quite variable 
in the population I studied. Variation in dispersal dates 
may promote outbreeding, since siblings do not disperse 
together (Svendsen 1980). Dispersal dates probably vary 
across the beaver's range because the onset of warm spring 
temperatures vary as well. Water levels apparently had no 
effect on the movements of the beavers I studied. The 
drainages that served as my study areas experience violent 
spring run-offs that scour the banks with ice and woody
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debris. I could easily imagine a selective advantage to not 
dispersing during this period.
Settlement times vary as well. This follows from the 
previous discussion of transience in beaver populations. My 
observations agree with the observation that settlement in 
Massachusetts beavers peaks during mid-July (Molini et al.
1980) , and that the frequency of "single beaver colonies" 
decreased from summer to fall (Gunson 197 0). Again, 
settlement is probably tied to pair formation and certainly 
warrants further study.
Theoretically, dispersing individuals should be subject 
to higher mortality because of increased vulnerability to 
predation, unfamiliarity with the habitat, and inexperience 
(Howard 1960, Lidicker 1975). The same has been postulated 
for dispersing beavers (Bradt 1938, Townsend 1953, Aleksuik 
1968) . My estimates of the age-specific mortality rates for 
2-year-old beavers was similar to the overall mortality rate 
(0.30) estimated for a high-density, trapped population of 
Newfoundland beavers (Bergerud and Miller 1977). This rate 
was reported as constant across all age classes. If the 
same were true for western Montana beavers, 3-year-olds 
should be well represented in sample age-distributions.
They were. The mortality of subadults has been described as 
a continuum that increased as the population increased 
toward K, until virtually all mortality occurs in the 
subadult age class (Molini et al. 1980). This view would
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indicate that the western Montana beaver populations are 
below a theoretical carrying capacity and that transients 
comprise a large fraction of the overall beaver population. 
The seemingly low mortality rate seen in western Montana 
beavers may be characteristic of trapped populations where 
the removal of adults from established colonies provides a 
constant stream of "openings" for transient subadults (Boyce
1981).
The adaptive value of dispersal behavior has recently 
been the subject of much debate. One camp champions the 
theory that dispersal serves to promote outbreeding and 
avoid the costs of inbreeding depression; the other argues 
that dispersal is a response to intraspecific competition 
for mates or other resources (for review see Moore and Ali 
1984, Dobson and Jones 1985). Writers typically review case 
studies of dispersal for several species, searching for 
patterns that might lead to a general theory of dispersal 
(Greenwood 1980, Dobson 1982, Moore and Ali 1984). At least 
one author has used disputed claims about dispersal in 
beavers to support his position, underscoring the value of 
species - specific research to the larger theoretical 
discussion. Bradt (1938) thought that beaver dispersal 
served to promote outbreeding. Gunson (1970) thought that 
beaver dispersal maintained a balance between habitat and 
the beaver population. Both are probably correct. There is 
no reason to assume that dispersal behavior has only one
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advantage for the population or the individual (Dobson and 
Jones 1985).
The value of understanding beaver dispersal to the 
furbearer manager depends on recognizing the role of 
transients in beaver population dynamics. Management 
suggestions include:
1. Managers should recognize that colony-based 
population indices (i.e., cache counts Hay 1958) have the 
potential to consistently under-estimate beaver populations 
because they ignore the transient fraction of the 
population.
2. Areas where nuisance beaver complaints are chronic 
should be recognized as dispersal sinks. Harvest strategies 
should be designed to identify and focus on source 
populations. Proactive schemes to intercept dispersers need 
to be investigated (Allred 1981).
3. Where over-exploitation is a problem, disperser- 
source colonies should be established and protected.
Natural immigration of dispersers is likely, provided there 
are no physical barriers to movement.
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Individual Transmitter-Equipped Beavers
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In the spring of 1989, 8 juvenile dispersal-aged 
beavers (22 to 25 months) were live-trapped, 
intraperitonea1ly implanted with radio transmitters, and 
released at their point of capture in 4 selected western 
Montana drainages (Fish Creek, Rattlesnake Creek, Upper 
Willow Creek, and Meadow Creek). To increase sample size, I 
trapped 8 additional 2-year-old beavers from nuisance 
colonies, implanted them with radio transmitters, and 
released them into the 4 study areas. In the spring of 
1990, a second sample of 14 juvenile, dispersal-age beavers 
(22 to 25 months) was trapped, implanted with radio­
transmitters, and released at the point of capture in Fish 
Creek. All animals were monitored until the following 
spring during a study of beaver dispersal patterns. I 
recorded locations as Universal Transverse Mercator (UTM) 
coordinates on United States Geological Survey 7.5 minute 
topographic maps. Movements were computed as stream 
distances away from the release site. I assigned upstream
distances a positive value, downstream distances, a negative
value. Movement was plotted against Julian date for each 
beaver. Plots were scaled alike to allow comparison.
No mortality due to surgery or handling was seen. Of 
the 1990 sample, one beaver, (9040) was confirmed dead as a 
suspected black bear kill. One (9043) "disappeared" and
could not be located despite an exhaustive aerial search for
its signal. The remaining 12 beavers were confirmed alive 
13 December 1990. Two of these (9006, 9007), were trapped
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during the 1990-1991 trapping season. Location of the final 
10 on 6 April 1991, indicated that 9 had survived, and 1 had 
died over winter. Of the 1989 sample, 4 beavers (natives 
F09, F03; transplants R14, MIS) died before the winter of 
1989-1990, cause unknown. One (native R25) died during the 
winter, one (transplant F16) the following spring, and one's 
(native R618) signal could not be located. The remaining 11 
were confirmed alive by locations 15 May 1990, 18, and 20 
June 1990.
Settlement was indicated by the cessation of movement 
and the construction of a food cache. Dispersal was defined 
as settlement at least 2.5 km stream distance away from the 
release site. Exploratory movements were defined as short 
excursions 2.5 or more km away from the release site 
followed by a return to the release site.
This appendix consists of the movement records of the
2-year-old beavers studied during 1989 and 1990. Movement 
plots and brief descriptions are includes for each. Figures 
Al.l - A1.14 are the movement records of 14 native 2-year- 
olds followed during the 1990 field season. Figures A2.1 - 
A2.8 are the movement records of 8 native 2-year-olds 
followed during the 1989 field season. Figures A3.1 - A3.8 
are the movement records of 8 transplanted 2-year-olds also 
followed during the 1989 field season.
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Fig. Al.l. Movement summary for beaver 9003. Beaver 9003, 
a male, was captured at an active colony on 17 March 1990 
(Julian day 76) at Universal Transverse Mercator coordinates 
5202.IN, 677.OE. It was released on 24 March (83) and 
located 105 times during the 1990 field season. Its 
settlement site at 51.911N, 6.765E; was 12.72 km stream 
distance from its release site. Its movement record shows 
an exploratory movement of 7.68 km downstream on 11 April 
(101). It dispersed on 15 May (135) and lived as a 
transient for approximately 215 days until settlement on 12 
November (316). A 6 April 1991 (96) location indicated 
over-winter survival and continued movement.
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Fig. A1.2. Movement summary for beaver 9006. Beaver 9006, 
a male, was captured at an active colony on 20 March 1990 
(Julian Day 79) at Universal Transverse Mercator coordinates 
5191.5N, 676.4E. It was released on 22 March (81) and 
located 112 times during the 1990 field season. Its 
settlement location at 51.926N, 6.764E; was 1.56 km 
downstream from its release site. No dispersal or 
exploratory movement was seen. This beaver was killed by a 
commercial trapper during the 1990-1991 trapping season.
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Fig. Al.3. Movement summary for beaver 9007. Beaver 9007, 
a female was captured on 21 March 1990 (Julian day 80) at 
Universal Transverse Mercator coordinates 5207.6N, 776.IE.
It was released on 22 March (82) and located 107 times 
during the 1990 field season. Its capture site and 
settlement site are the same. It made a 3.36 km upstream 
exploratory movement on 15 May (135). No dispersal was 
seen. This beaver was killed by a commercial trapper during 
the 1990-1991 trapping season.
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Fig. Al.4. Movement summary for beaver 9008. Beaver 9008, 
a male, was captured on 22 March 1990 (Julian day 81) at 
Universal Transverse Mercator coordinates 5199.5N, 675.4E.
It was released on 23 March (83) and located 116 times 
during the 1990 field season. Its settlement site was only 
0.10 km from its capture site. Beaver 9008's movement 
record indicates only minor movement in and around a colony 
presumed to be its natal colony. No dispersal or 
exploratory movement was seen. A 6 April 1991 (96) location 
confirmed over-winter survival.
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Fig. Al-5. Movement summary of beaver 9011. Beaver 9011, a 
male, was captured on 26 March 1990 (Julian day 86) at 
Universal Transverse Mercator coordinates 5201.2N, 677.IE.
It was released 27 March (87) and located 109 times during 
the 1990 field season. Beaver 9011 was captured and 
released at an active beaver colony presumed to be its natal 
colony. Its 8.88 km upstream movement on 7 April (97) was 
interpreted as a dispersal. No other significant movements 
were seen. Its settlement site at 5194.5N, 676.5E; was 9.12 
km upstream from its capture site. A 6 April 1991 (96) 
location confirmed over-winter survival.
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Fig. Al.6. Movement summary of beaver 9020. Beaver 9020, a
female, was captured on 6 April 1990 (Julian day 96) at
Universal Transverse Mercator coordinates 5205.7N, 678.4E.
It was released on 9 April (99) and located 105 times during 
the 1990 field season. Beaver 9020 was captured and 
released in an active colony, presumed to be its natal
colony. Its 2.88 km upstream movement on 11 April (101) was
interpreted as a dispersal. On 11 June (162) 9020 made an 
exploratory movement 5.52 km upstream from its eventual 
settlement site (8.64 km upstream from its capture site).
All other movements were considered minor movement around 
the settlement site. A 6 April 1991 (96) location confirmed 
over-winter survival.
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Fig. Al.7. Movement summary for beaver 9024. Beaver 9024, 
a male, was captured on 9 April 1990 (Julian day 99) at 
Universal Transverse Mercator coordinates 5199.4N, 67 5.4E.
It was released on 11 April (101) and located 106 times 
during the 1990 field season. Beaver 9024 was captured and 
released in an active colony and its 6.00 km upstream 
movement on 16 April (106) was interpreted as a dispersal. 
This beaver lived as a transient for approximately 78 days 
before reaching its settlement location at 5199.9N, 771.2E 
on 30 August (242). Its settlement site was 4.32 km 
upstream from its capture site. Beaver 9024 was located in 
the same place as female 9040 several times. A 6 April 1991 
(96) location confirmed over-winter survival.
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Fig. A1.8. Movement Summary for beaver 9031. Beaver 9031, 
a male, was captured on 17 April 1990 (Julian day 107) at 
Universal Transverse Mercator coordinates 5194.7N, 676.5E.
It was released on 21 April (111) and located 102 times 
during the 1990 field season. Beaver 9031's natal colony is 
not known. It was probably caught after a dispersal. This 
beaver settled at 5192.8N, 674.3E; 4.80 km upstream from its 
capture site. It visited this site as early as 11 June 
(162) but did not appear to settle until 29 September (272). 
A 6 April 1991 (96) location indicated over-winter 
mortality.
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Fig. Al.9. Movement summary for beaver 9033. Beaver 9033, 
a male, was captured on 22 April 1990 (Julian day 112) at 
5186.IN, 681.6E. It was released on 25 April (115) and 
located 69 times during the 1990 field season. Beaver 9033 
was captured and released in an active colony and lived for 
approximately 99 days 1.68 km upstream from its capture 
site. Its 2.88 km downstream movement on 20 August (232) 
was interpreted as a dispersal. This beaver's settlement 
site at 5189.9N, 682.9E was 4.68 km away from its capture 
site. A 6 April 1991 (96) location indicated over-winter 
survival and continued movement.
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Fig. Al.10. Movement summary for beaver 9038. Beaver 9038, 
a male, was captured on 30 April 1990 (Julian day 120) at 
Universal Transverse Mercator coordinates 5194.3N, 673.8E. 
It was released on 1 May (12) and located 104 times during 
the 1990 field season. Beaver 9038 was captured and 
released in an active colony, presumed to be its natal 
colony. It made at least 5 exploratory movements 
downstream; 2.52 km on 11 June (162), 2.52 km on 19 June 
(168), 5.40 km on 27 June (178), 5.76 on 13 July (194), and 
3.12 km on 28 August (240). No dispersal was seen, 9038 
apparently wintered in its natal colony. A 6 April 1991 
(96) location indicated over-winter survival and probable 
dispersal as a 3-year-old.
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Fig. Al.11. Movement summary for beaver 9040. Beaver 9040, 
a female, was captured on 29 April 1990 (Julian day 119) at 
Universal Transverse Mercator coordinates 5199.9N, 672.7E.
It was released on 1 May (121) and located 64 times until it 
was found dead on 7 September (250) at 5197.6N, 672.IE. 
Beaver 9040's natal colony was not known, it was probably 
captured after its dispersal. It was located several times 
with male 9024 and appeared ready to settle when it died.
The condition of recovered body parts, tooth marks on the 
radio and my description of the kill site were consistant 
with black bear predation although this could not be 
confirmed (B. O'gara pers. comm.).
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Fig. Al.12. Movement summary for beaver 9043. Beaver 9043, 
a female, was captured at an active colony on 12 May 1990 
(Julian day 132) at Universal Transverse Mercator 
coordinates 5205.6N, 678.4E. It was released 23 May (14 3) 
and located 42 times. This beaver "disappeared" on 16 
August (228) and despite an exhaustive aerial search of the 
Fish Creek and Lower Clark Fork drainages, its signal was 
never heard again. Beaver 9043 was captured and released in 
an active colony. No dispersal or exploratory movements 
were seen. Its fate is unknown. I suspect transmitter 
malfunction.
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Fig. Al.13. Movement summary of beaver 9048. Beaver 9048, 
a female, was captured on 24 May 1990 (Julian day 144) at 
Universal Transverse Mercator coordinates 5187.8N, 678.9E. 
It was released on 25 May (14 3) and was located 92 times 
during the 1990 field season- Beaver 9048 was captured and 
released in an active colony and showed no dispersal or 
exploratory movements. It built a food cache separate from 
its colony and appeared to be living alone on the periphery 
A 6 April 1991 (96) location confirmed over-winter survival,
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Fig. Al.14. Movement summary for beaver 9050. Beaver 9050, 
a male, was captured on 9 June 1990 (Julian day 160) at 
Universal Transverse Mercator coordinates 5192.8N, 676.IE.
It was released on 11 June (162) and located 63 times during 
the 1990 field season. Beaver 9050 was not captured near 
any known active beaver colony. Presumably it had been 
caught after a dispersal. This beaver showed a wide range 
of movement before reaching its eventual settlement site on 
11 November (315). Its settlement site was 5.28 km upstream 
from its capture site. A 6 April 1991 (96) location 
indicated over-winter survival and continued movement as a
3-year-old.
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Fig. A2.1. Movement summary of beaver R618. Beaver R618, a 
male, was originally captured and radioed by Jackson (1991). 
He released it into its natal colony in Rattlesnake Creek at 
Universal Transverse Mercator coordinates 5205.9N, 283.7E; 
on 12 April 1988 (102) . During Jackson's (1991) study, this 
animal made at least 3 exploratory movements downstream 
(approximately 7 km each), each time returning to its natal 
colony. Jackson (1991) and I disagreed on the age of this 
beaver. He captured it and aged it as a 2-year-old in 1988 
and I captured it and aged it as a 2-year-old in 1989. For 
the purpose of this thesis R618 was treated as a 2-year-old 
in 1989. During the 1989 field season, R618 was located 32 
times. Its first locations at 5204.5N, 279.6E; were 5.52 km 
downstream from the natal colony identified by Jackson 
(1991). R618 moved back to its natal colony 9 May (129) and
remained there for the remainder of the field season. The 
initial downstream location was treated as an exploration, 
and its movement pattern interpreted as non-dispersal. This 
animal could not be located during the spring of 1990.
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Fig. A2.2. Movement summary for Beaver W308. Beaver W308, a 
female, was captured as a yearling and radioed by Jackson 
(1991) who released it into its natal colony in Upper Willow 
Creek at Universal Transverse Mercator coordinates 
5152.8N,307.9E; on 10 October 1988 (Julian day 283). It was 
first located as a 2-year-old on 21 March (80), and located 
44 times during the 1989 field season. No dispersal or 
exploratory movements were seen. Additional locations on 15 
May 1990 (135) and 18 June 1990 (169) indicate that W308 
survived to its third year and remained in its natal colony.
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Fig. A2.3. Movement summary for beaver M512. Beaver M512, « 
female, was captured and radioed as a yearling by Jackson 
(1991). He released it into its natal colony in Meadow 
Creek at Universal Transverse Mercator coordinates 5112.3N, 
312.5E on 12 October 1987 (Julian day 285). M512 was
located 37 times during the 1989 field season and showed no 
movements > 1.08 km away from the natal colony. Additional 
locations on 15 May 1990 (135) and 20 June (171) indicate 
survival to 3 years old and continued natal site fidelity.
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Fig. A2.4. Movement summary for beaver M304. Beaver M304, a 
female, was captured and radioed as a yearling by Jackson 
(1991). He released it into its natal colony in Meadow 
Creek at Universal Transverse Mercator coordinates 5110.IN, 
312.4E; on 23 October 1988 (Julian day 296). M304 was
located 39 times during the 1989 field season. No dispersal 
or exploritory movement was seen. Additional locations on 
15 May 1990 (135) and 20 June 1990 (171) indicate that M304 
survived to its third year and remained at its natal colony.
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Fig. A2.5. Movement summary for beaver W305. Beaver W3 05, a 
female was captured, and radioed as a yearling by Jackson 
(1991). He released it into its natal colony in Upper 
Willow Creek at Universal Transverse Mercator coordinates 
5152.8N, 307,9E on 16 May 1988 (Julian day 136); and it 
remained in its natal colony throughout 1988. As a 2-year- 
old, it was first located on 12 March 1989 (80). 43
subsequent locations during the 1989 field season indicated 
dispersal on 2 May (122) followed by settlement at 5147.5N, 
308.7E; on 6 May (126). Additional locations on 15 May 1990 
(135) and 18 June 1990 (169) indicate that W305 survived to 
it third year and remained at its settlement site.
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Fig A2.6. Movement summary for beaver F09. Beaver F09, a 
female, was captured in Fish Creek at Universal Transverse 
Mercator coordinates 5199.5N, 675.IE. It was radioed, and 
released at the point of capture on 24 March 1989 (Julian 
day 83). F09 dispersed on 11 April (101), moving downstream
out of Fish Creek into the Clark Fork River. It appeared to 
settle by 22 April (122) at 5112.2N, 669.8E approximately 
22.2 km away. F09's last known live location was on 3 June 
(193) 25.08 km away. It was found dead 12 July (193) at 
5242.7N, 646.IE; 74.5 km downstream from its natal colony.
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Fig. A2.7. Movement summary for Beaver F03. Beaver F03, a 
male, was captured at an active colony. It was radioed, and 
released into Fish Creek at Universal Transverse Mercator 
coordinates 5203,7N, 678.5E; on 31 March (Julian day 90).
It was located 34 times during the 1989 field season. F03 
made one exploratory movement 3.36 km upstream on 12 May 
(132) before being found dead on 13 July (194) of unknown 
causes.
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died over winter.
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Fig. A3.1. Movement summary for beaver F16. Beaver F16, a 
female, was captured from a nuisance colony. It was 
radioed, and transplanted into Fish Creek at Universal 
Transverse Mercator coordinates 5192.6N, 676.IE; on 18 April 
1989 (Julian day 108). it was located 30 times during the 
1989 field season. It died sometime between 7 April 1990 
(97) and 26 April 1990 (116) of unknown causes. Its 
movement pattern is similar to the dispersal, delayed- 
settlement patterns seen in native 2-year-old beavers.
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Fig. A3.2. Movement summary for beaver MIS. Beaver MIS, a 
female, was captured from a nuisance colony. It was 
radioed, and transplanted into Meadow Creek at Universal 
Transverse Mercator coordinates 510S.9N, 312.2E; on 26 April 
1989 (Julian day 116). Twenty-nine locations during the 
1989 field season indicate that MIS moved immediately 
downstream. By 16 May (136) it had appeared to settle at 
5117.2N, 310.3E; 9.84 km downstream. On 6 September (249),
it was found dead on 
unknown.
a rancher's bone pile, cause of death
7 6
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Fig. A3.3. Movement summary for beaver W17. Beaver W17, a 
female, was captured from a nuisance colony. It was 
radioed, and transplanted into Upper Willow Creek at 
Universal Transverse Mercator coordinates 5154.3N, 307.5E; 
on 26 April 1989 (Julian day 116) and located 35 times 
during the 1989 field season. W17 moved downstream into 
Rock Creek and was located both upstream and downstream from 
the mouth of Upper Willow Creek. It settled at 5128.IN,
606.4E; on 25 July (206) 29.28 km downstream from its 
release site. Additional locations on 15 May 1990 (135) and 
18 June 1990 (169) indicate that W17 survived to its third 
year and remained at its settlement site.
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Fig. A3.4. Movement summary for beaver W19. Beaver W19, a 
male, was captured from a nuisance colony. It was radioed, 
and transplanted into Upper Willow Creek at Universal 
Transverse Mercator coordinates 5151.4N, 308.2E; on 9 May 
1989 (Julian day 129). Thirty location during the 1989 
field season indicate that W19 moved both upstream and 
downstream of the release site before settling at 5137.7N, 
307.9E, on 29 July (210) 14.76 km downstream. W19's 
movement pattern is similar to the dispersal, delayed- 
settlement pattern seen in native 2-year-old beavers. 
Additional locations on 15 May 1990 (135) and 18 June 1990 
(169) indicate that W19 survived to its third year and 
remained at its settlement site.
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Fig. A3.5. Movement summary of beaver M20. Beaver M20, a 
male, was captured from a nuisance colony. It was radioed, 
and transplanted into Meadow Creek at 5110.9N, 312.4E; on 10 
May 1989 (Julian day 130). M20 was located 31 times during
the 1989 field season. After release. M20 moved upstream, 
settling at 5107.3N, 311.2E; by 27 June (178). Its movement 
pattern is similar to the dispersal, delayed—settlement 
pattern seen in some native 2-year—old beavers. Additional 
locations on 15 May 1990 (135) and 18 June 1990 (171) 
indicate that M20 survived to its third year and remained at 
its settlement site.
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Fig. A3.6. Movement summary for beaver R14. Beaver R14, a 
female, was captured from a nuisance colony. It was 
radioed, and transplanted into Rattlesnake Creek at 
Universal Transverse Mercator coordinates 5110.3N, 312.4E; 
on 12 May 1989 (Julian day 132) and located 17 times during 
the Field season. R14 moved immediately downstream and 
appeared to settle around 2 May (122) at 5204.5N, 279.OE; 
2.88 km downstream. It died of unknown causes between 7 
July (188) and 14 July (195).
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Fig. A3.7, Movement summary for beaver M22. Beaver M22, a 
male, was captured from a nuisance colony. It was radioed, 
and transplanted into Meadow Creek at Universal Transverse 
Mercator coordinates 5110.3N, 312.4E; on 12 May 1989 (Julian 
day 132). Twenty-eight locations during the 1989 field 
season indicate that M22 moved downstream and eventually 
settled in the East Fork of Rock Creek at 5113.4N, 314.2E; 
around 11 July (192). M22's movement pattern is similar to
the dispersal, delayed-settlement pattern seen in some 
native 2-year-old beavers. Additional locations on 15 May 
1990 (135) and 18 June 1990 (169) indicate that M22 survived 
to its third year and continued to move.
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Fig. A3.8, Movement summary for beaver W21. Beaver W21^ a 
male, was captured at a nuisance colony. It was radioed, 
and transplanted into Upper Willow Creek at Universal 
Transverse Mercator coordinates 5141.ON, 308.2E; on 12 May 
1989 (Julian day 132). It was located 31 times during the 
1989 field season showing sporadic movement similar to the 
dispersal, delayed-settlement pattern seen in native 2-year- 
old beavers. Additional locations on 15 May 1990 (p5) and 
18 June 1990 (169) indicated that W21 had survived to its 
third year and had settled at the site of its last 1989 
location on 17 December (346) at 5154.3N, 307.4E.
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Appendix B.
Regression technique for age determination of live beavers
83
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
84
Introduction
Research and management of beaver populations require a 
technique for age determination. Examination of the basal 
closure of the cheek teeth and cementum annuli analysis (Van 
Nostrand and Stephenson 1964) are recognized as the methods 
of choice (Novak 1987). These methods are impractical for 
field use because of the difficulty in extracting cheek 
teeth from live beavers.
Statistical techniques based on the relationship 
between age and morphological development (Patrie and Webb 
1960) have been devised. Payne (1979) related beaver weight 
(kg) to age (years) with the regression equation
In(age) = -4.991 + 2.324 In(weight)
(r^ = 0.83, SE = 0.42, N = 286), providing a useful age 
determination technique for live beavers. Jackson (1991) 
predicted membership in 5 age classes (kits - 4+ year-olds) 
using stepwise discriminant function analysis. His model 
began with 11 morphological variables (Table Bl) and 
eliminated all but weight and tail width for use in the 
discriminant function. Unfortunately, his model was based 
on a small sample size (12) and was cumbersome to use.
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Table Bl. Morphological variable names and measurement 
descriptions. All measurements taken by tape measure 
(English or metric units) except where noted (after Jackson 
1991).
Variable Description
WT Weight in kilograms: measured with a spring 
scale
LTH Total body length in cm: measured from the
tip of the nose over the back to the tip of 
the tail
TL Tail length in cm: measured from the base of
the tail at the fur line to the tip of the 
tail
TW
TTH
Tail width in cm: measured at its widest
Tail thickness in mm: measured with a
calipers at cne thickest portion of the base 
of the tail
HC
NC
CC
ZYG
RHPL
RHPW
Head circumference in cm: measured just
anterior to ears
Neck circumference in cm: measured
immediately behind lower mandible
Chest circumference in cm: measured
immediately behind forelegs
Zygomatic breadth in cm: measured with
calipers at widest distance between zygomatic 
arches dorsally across the skull
Length of right-hind footpad in cm: measured
at longest point of base of foot between 2nd 
and 3rd digits
Width of right-hind footpad in cm: measured 
at the widest point of base of foot just 
behind digits
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Methods
In conjunction with a study of beaver dispersal (Van 
Deelen 1991), I collected 30 Western Montana beavers. 
Jackson's (1991) morphological measurements were recorded 
for each, and each was aged to the nearest month according 
to the basal closure of its cheek teeth and cementum annuli 
analysis (Van Nostrand and Stephenson 1968), and knowledge 
of when it was captured. A common June 15 birth date was 
assumed for all beavers. I thank M. Jackson for allowing me 
to use the morphological measurements from his (Jackson 
1991) 12 known-age beavers, bringing the total sample of 
known-age beavers to 42.
I chose morphological measurements for inclusion into 
the model based on the following criteria. They need to be 
easily measured (preferably, without sedating the beaver), 
precise, and variable with age. Beaver weight (WT), tail 
width (TW), and tail length (TL) satisfied these 
requirements. Live beavers can be weighed in Hancock 
(Hancock Trap Co., Custer, S.D.) traps without sedation.
The tail measurements can be obtained by maneuvering a 
beaver to the back of a trap and pulling its tail through 
the side.
Regression analysis, rather than discriminant function 
analysis (which estimates discrete age class categories), 
was used because regression analysis gives age estimates on 
a continuous scale. Age determination should account for
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the time of year the measurements were made as well as the 
estimate given by the statistical technique (Jackson 1991).
I felt that continuous age estimates were more useful for 
this.
I examined scatter plots of the 3 variables against 
both AGE and In(AGE) to suggest relations in the regression 
model.
Results and Discussion 
The first model fitted was
In(AGE) = -6.28 + 1.17 In(WT) + 0.19 (TW) + 0.18 (TL) - 
0.01 (TL * TW)
(r^ = 0.88, SE = 0.28, P < 0.001), The (TL * TW) and (TW) 
terms without decreasing prediction power of the model 
significantly. The refitted model was
In(AGE) = -3.92 + 0.99 In(WT) + 0 . 0 8  (TL)
(r^ = 0.87, SE = 0.29, P < 0.001).
Age class assignments based on this model agreed with 
the age class assignments based on cheek teeth development 
in 31 of the 4 2 (74%) cases. Age class assignment based on 
Payne's (1979) model agreed with the age class assignments 
based on cheek teeth development in 2 6 of the 42 (62%) cases 
(Table B2). This is an invalid comparison of the models
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because the model built from the test data would be expected 
to make more accurate predictions.
The width of the prediction intervals increased with 
older age classes (Table B3). This may reflect the fact 
that the older age classes were not as well represented in 
the sample, but I suspect that variation in the 
morphological measurements was increasing as well. As it 
is, this model appears to be useful for identifying 4 age 
classes; kits, yearlings, 2+-year-olds. Refinement with a 
larger sample of known-age beavers (especially older ones) 
is needed before this model can be used to place beavers 
into age classes higher than 2-years-old.
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Table B2 - Prediction performance of the 2 regression models 
on a set of 42 known-age beavers from Western Montana.
Age Class
0 1 2 3 4 5 N
Sample 15 12 10 3 0 2 42
Correct predictions
Van Deelen (1991) 15 10 b 0 - 0 31
Payne (1979) 15 3 1 1 • 1 26
89
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Table B 3 . Mean prediction intervals for ages predicted by 
the regresion equation.
Known age class
0 1 2 3 4 5
Mean 0.19 0. 42 0. 78 1.41 - 1.20
S. D. 0. 04 0. 20 0.36 0.73 — 0.35
N 15 12 10 3 0 2
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